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A method and apparatus for purtlying appliance 
exhaust Is accomplished by an air purification system 
In which an air stream is drawn into the system (2) and 
flows through an ozone chamber (8). The ozone chamber 
(8) includes an ozone generating radiation source (12) 
that Iradlates the air stream to generate ozone which 
oxidizes contaminants residing in the air stream. 
Subsequent to traversing the ozone chamber (8), the air 
stream enters a germicidal chamber (16) having a 
germicidal radiation source (14) that irradiates the 
air stream and destroys bacteria and breaks down ozone 
residing therein. The system (2) is typically disposed 
In an air flow path within an appliance, such as a 
vacuum cleaner, to treat the air and return purified 
air to a surrounding environment. Further, the system 
(2) may be configured to remove contaminants from 
objects, such as food, using a porous receptacle (15) 
to support the object in the ozone chamber (8). 
Additionally, the system may be configured to remove 
contaminants fl'om a user's hand. 



) Demande-Application 



OPIC ^^^^^^^ 

' 'fc:o„:;; " (2i)(Ai) 2,311,386 

(86) 1998/11/24 

(87) 1999/06/03 

(72) NELSON, JERRY, US 

(71) ECO-AIRE COMPANY, INC., US 

(51) Int.CI.'^ A61L2/10 

(30) 1997/1 1/24 (60/066,500) US 

(30) 1998/07/29 (60/094,574) US 

(54) PROCEDE ET DKPOSITIF DE PURIFICATION DE REJETS 

D'APPAREIL ET DE DECONTAMINATION D'OBJETS 
(54) METHOD AND APPARATUS FOR PURIFYING APPLIANCE 

EXHAUST AND REMOVING CONTAMINANTS FROM 

OBJECTS 




(57) La presents invention concerne un precede et un 
appareil servant tt purifier las rejets d'lm appareil. Ledit 
proc6d6 est et mis en oeuwe par un syst6me de 
purification d'air dans Icqucl un courant d'air aspire par 

le syslemt; (2) Uaverse une chambre d'ozonisalion (8). 
Cette chambre d'ozonisation (8) comporte une source dc 
rayonnement (12) produisant de Tozone qui vienl 
irradier le courant d'air de fa^un i g6n6rer de Tozone qui 
oxydc Ics contaminants on suspension dans Ic courant 



(57) A metliod and apparatus for purifying appliance 
exhaust is accomplished by an air pnnficalion system in 
which an air stream is drawn into the system (2) and 
tlows through an ozone chamber (S). The ozone chamber 
(8) includes an ozone generating radiation source (12) 
that irradiates the air stream to generate ozone which 
oxidizes contaminants residing in the air stream. 
Subsequent to traversing the ozone chaml:)er (8), the air 
stream enters a germicidal chamber (16) having a 
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d'air. Aprcs la travcrsdc dc la chambrc d ozonisation (8), 
le courant d'air penetie dans uiie chaiiibie iiiiciobicidt; 
(16) dotee d'uiic source dc ravoiinement (14) 
microbicide qui irradie le courant d air et deirmi les 
bacT^nes ainsi qiie l ozone rdsidiiel dans ce co\iranl d air 
Lc systtmc (2) sc momc gdncraicmuii djns li, pasvigc 
d'un courani d'air k rinUSricur d'un apparcil lcI qu un 
aspirateur de menage, de fafon a traitei" I'air et & restitiier 
de lair purifie a ratmosph^re ambiante. 1 Le systeme (2) 
pent egalement etre configure pour deconlaminer des 
objcts, des aliments par exemple, places dans un 
recipient porcux i rinlericur de k chambrc 
d'ozouisation (8). Par ailleurs, le systeine peut etre 
configure pour d^contaminer les mains d'un utilisateur. 



germicidal radiation source (14) that irradiates the air 
slreaiii and destiuvs bacteria and breaks down ozone 
residini; tlicrciii. Ilie svslem (2) is typically disposed in 
;m air flow path within an appliance, such as a vacuum 
c.eaiier. to treat the atr and return punfied air to a 
suiTounding environment. Further, the system (2) may be 
configured to remove contaminants fmm objects, such as 
food, using a porous receptacle ( 1 5) to support the object 
in the ozone chamber (8). Additionally, the system may 
be configured to remove contaminants from a user's 



Industrie Canada Industry Canada 



CA 02311386 2010-05-24 



PCT wowjp nmajacm^^yi^iOT organization 

INTERNAITONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATV (PCT) 



y/O 99/26669 

3 June 1599 (03.06.99) 



(22) International Filing Date: 



KT/US98n50S3 
1998(04.11.98) 



(71) Applicant (for all tk^gnattd Slates except US): ECO- AIRE 
COMPANY, INC. [USmS]; MSI N.E. 191 Drive, North 
Miami Beach. FL 33179 (US). 



(74) AgaOK SHAPIRO, Stnait, B. «t at.; Epnein, Edeil ft Re«- 
zer, Suite «0. 1901 Keaeaidt Bonlevani, RodcviBe, MD 
20850-3 164 (US). 



«! AL, AM, AT, AU, AZ, BA, BB, BG, BR. 
BY. OA, CH, ON, CU, CZ, M, DK. EE, ES, Fl, OB, OE, 
GH, OM. HU. ID. n, IS. JP. KB. KG. KP, KR, KZ. LC, 
LK. LR. LS. LT, LU. LV, MD. MO. MK. MN, MW, MX. 
NO. NZ. PL. IT. RO. RU, SD, SB, SG, SI. SK. SL. TJ. TM, 
TR. TT, UA, UG, US, UZ. VN, YU, ZW, ARIPO 
(OH. OM, KE. LS, MW, SD, SZ, UG. ZW), ~ 
(AM.AZ.BY,KG,KZ,MD.RU,T».TM),I . , 
(AT, BE. (at Cnr. OB, DK. ES. H. FR, OB, OR, IE, U, 
LU, MC. NU PT, SB). OAW patent (BP. BJ, CF. CG. CI, 
CM, OA, GN. OW, ML, MR, NE, SN. TD. TO). 




(57) Abairact 

A method and apparatus for purifying sppUance exhatut it accompUshod by an air puriAcalian tystem in which an air atnam ii dnwn 
into aie system (2) and flows through an ozone chamber (8). The ozone dumber (g) inchides an ozone genenting ladiation (ouice (12) 
fliat hradiates the air itream to generate oeone which oxidlzea contamhianb residing in the air itRiam. Sotweqaent l» tnveising the onme 
chamber (8), the air stream enters a germicidal ctamber (16) having a geraiicldal radiation (owce (14) that inadiates the air stream and 
destroys bacteria and breala down ozone residing therein. The system (2) is typically diapowd in an air aow p«h wltWnm appliance socb 
as a vacuum cleaner, to treat the air and retiau purltiwl air to a surrounding environment Further, the ayatem O) may be configured to 
remove contaminants fitora objectt, such as food, using a porous receptacle (IS) to auppoit the object in the ozone chamber (8). Addltloially 
the system may be configmed to remove contaminants from a user's hand. 
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METHOD AND APPARATUS FOR PURIFYING APPLIANCE 
EXHAUST AND REMOVING CONTAMINANTS FROM OBJECTS 

1 CROSS-REFERENCE TO RELATED APPLICATIONS 

2 This application is a continuation-in-part of copending U.S. Patent Application 

3 Serial No. 09/ 1 86,990, entitled "Method And Apparatus For Producing Purified Or 

4 Ozone Enriched Air To Remove Contaminants From Fluids", filed November 5, 1998, 

5 which is a continuation-in-part of U.S. Patent Application Serial No. 09/1 56,422, entitled 

6 "Method and Apparatus for Producing Purified or Ozone Enriched Air", filed Sqjtember 

7 1 8, 1998, which is a continuation-in-paTt of U.S. Patent Application Serial No. 

8 08/932, 101, entitled "Method and Apparatus for Removing Contamioants fixsm a 

9 Contaminated Air Stream", filed on September 1 7, 1 997. In addition, this application 

10 claims priority fiDm U.S. Provisional Patent Application Serial No. 60/066,500, entitled 

1 1 "Method and Apparatus for Purifying Appliance Exhaust and Removing Contaminants 

1 2 fi-om Objects", filed on Novembw 24, 1997, and from U.S. Provisional Patent 

1 3 Application Serial No. 60/094,574, entitled "Method and Apparatus for Producing 

1 4 Purified or Ozone Enriched Air to Remove Contaminants finm Objects", filed on July 29, 

15 1998. The disclosures in the above-referenced patent applications are incoxporated herein 

1 6 by reference in their entireties. 

17 BACKGROUND OF THE INVENTION 

18 1. Technical Field 

1 9 The present invention pertains to a method and ^paratus for purifying an air 

20 stream within an appliance prior to that air stream returning to a surrounding 

21 environment Further, the present invention pertains to a method and ^paratus for 

22 removing contaminants fiom objects. In particular, the present invention pertains to a 

23 method aral apparatus for exposing a contaminated air stream within an i^liance, 

24 preferably a vacumn cleaner, to ozone and gennicidal radiation to remove contaminants 
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1 from that air stream and return sterilized air to a surrounding environment Moreover, 

2 the present invention pertains to a method and apparatus for producing 02»ne enriched air 

3 to remove contaminants from objects, such as food, hands, etc. 

4 2. Discussion of Related Art 

5 Currently, there are numerous devices known as deodorizing machines utilizing 

6 ozone and/or ultraviolet (UV) radiation to sanitize and deodorize air in a treated space 

7 (i.e., typically a room). Generally, these devices generate large amounts of ozone gas to 

8 attain the ozone concentration level necessary to facilitate deodorizing and sterilizing the 

9 air. Since ozone coiKentration levels required for sterilization are sufficiently hi^ to be 

10 dangerous to people and/or animals, the use of these devices is typically limited to odors 

1 1 whose removal is difficult (e.g., smoke from fires, organic matoial spilled on clothing, 

12 etc.). Further, when the devices are used in the proximity of people and/or animals, 

13 health authorities require that ozone concentrations be reduced to safe levels. However, 

14 these reduced or "safe" levels tend to be too low to effectively deodorize and dean the 

15 air. Moreover, such devices typically use the genniddal qualities of the ultraviolet 

16 radiation to destroy bactoia in the air, but generally eifter expose the treated space to 

17 high levels of radiation, diereby posing health risks to people and/or animals, such as eye 

18 trauma and skin lesions, or use very low levds of radiation requiring long exposure 

19 times. 

20 The prior art attempts to obviate the aforementioned problems by exposing air 

21 from (he treated space to ozone or UV radiation intonally of a device to thereby shidd 

22 against die above-mentioned harmful effects. For example, Burt (U.S. Patent No. 

23 3,486,308) discloses an air treatment device having a UV radiation source to sterilize air 

24 and a plurality of baffles disposed within the interior of the device housing. The baffles 

25 increase an air flow path withm the device beyond the dimensions of the device housing 

26 to expose flie air to radiation for greater periods of time. The UV source produces 

27 radiation at a particular inteosily to avoid production of ozone. 
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1 Japanese Publication JP 1-224030 discloses an air cleaner including an 02»ne 

2 generating section, an ozone-air mixing section and a filter section. The filter section 

3 may include a pair of filters having an alkaline component and ozone-purifying material, 

4 respectively. Alternatively, the filter section may include a single filter having both an 

5 alkaline component and ozone-purifying material to clean air. The air cleaner fiirther 

6 includes a winding air flow path for the air stream to traverse during cleaning. 

7 The prior art devices disclosed in Que Burt patmt and Japanese Publication suffer 

8 fiom sevoal disadvantages. In particular, the Burt device does not utilize ozone, dier^y 

9 typically only removing bacterial contaminants (e.g., germs) widiin an air stream and 

10 enabling non-bacterial or other contaminants, such as odor causing contaminants, to be 

11 returned to a sunounding enviionmait. Conversely, the air deaner disclosed in tibie 

12 Japanese Publication employs only ozone to clean the air, thereby possibly destroying 

13 only a portion of bacterial contaminants within the air stream, white returning residual 

14 bacterial contaminants to a sunounding environment 

15 The prior art attempted to overcome the above mentioned disadvantages by 

16 aiq>loying ozone m combination with UV radiation to remove virtually all contaminants 

17 fiom an air stream. In particular, Chesney (U.S. Patent No. 2,150,263) discloses a 

18 system for internally cleaning, steriliang and conditioning air within the system. A 

19 stream of air is washed and subsequentiy exposed to UV radiation which genetates ozme 

20 such tiiat die combination of UV radiation and ozone destroys virtually all bacteria in the 

21 air stream. Excess ozone is removed via pumps and utilized for various purposes. 

22 Hind (U.S. Pat«»t No. 5,015,442) discloses an air sterilizing and deodorizing 

23 system wherein UV radiation generates ozone to oxidize and decompose odor-causing 

24 components in the air. The ozone is then ronoved by a catalyzer in conjunction witi^ 

25 and prior to, germicidal UV radiation where the UV radiation also removes genns and 

26 sterilizes the air. 

27 Monagan (U.S. Patent No. 5,601,786) discloses an air purifier including a housing 

28 having an irradiation chamber, an air inlet for directing air into the inadiationdian^ 

29 radiation source disposed within the irradiation chamber and an air ouUet formed in the 

3 
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1 bousing fi>r discharging air to the environment. The radiation source i»eferably emits 

2 ozone-produdng radiation within one wavelength interval, and germicidal radiation 

3 within another wavelength intmal, whereby the emitted radiation serves to destroy 

4 microorgaiusms and deodorize the air. 

5 LeVay et al (U.S. Patent No. 5,614,151) discloses an electrodeless sterilizer using 

6 ultraviolet radiation and/or ozone. The sterilizer includes an energy source to excite a gas 

7 contained wilbin a bulb and produce ultraviolet radiatioii, preferably strongest at 253.7 

8 luuiometas, that may be utilized to sanitize substances. Further, the radiation may be 

9 used to generate ozone Uiat, either alone or in combination with the radiation, may 

10 sanitize substances. The bulb may be shaped to oiable substances (e.g., liquid) to pass 

1 1 tbrou^ the bulb for sterilization, or to enclose and shield objects (e.g., small articles) 

12 within the bulb fiom the energy source. Moreover, the bulb may be located at die end of 

13 a waveguide, or radiation may be transmitted from the bulb via an optic feed to samtize 

14 inaccessible surfaces of substances. In addition, an ozone generator may be utilized to 

15 apply ozone to an external substance, whereby flexible hosing connected to the ozone 

16 generator includes a nozzle to control discharge of ozone onto a substance. 

17 The Chesney, Hirai, Monagan and LeV^r et al systems suffer fiom sevoal 

18 disadvantages. Spedfically, tibe Chesney and LeVay et al systems typically utilize a 

19 single wavelength of UV radiation (e.g., qiproximately 254 nanometers) which may not 

20 be optimal for both goierating ozone and destroying bacteria. In &ct, this wavelengdi is 

2 1 generally utilized for its germicidal effects and tends to destroy ozone, thereby d^rading 

22 the effect of ozcme within the air stream. Although the Monagan system utilizes a 

23 radiation source emitting ozone-producing and germicidal radiation, an air stream is 

24 exposed to each type of radiation sunultaneously, ihonky enabling the gomicidal 

25 radiation to destroy produced ozone and degrade the effect of ozone within the air stream. 

26 Further, the Chesney system includes a relatively lengdiy compartment for treating air, 

27 diereby increasing the size and cost of the system. The Hirai system typically utilizes 

28 independent radiation sources to goierate ozone and germiddal radiation, thereby 

29 increasing system cost and complexity. Moreover, the Hirai system does not provide a 

4 
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1 safety feature where the ozone generating source may be operable when the germiddal or 

2 ozone removing source becomes inoperable, thereby leading to emissions of dangerous 

3 ozone concentrations from the system. In addition, the Hirai system employs a relatively 

4 short, narrow area for ozone generation, while the Monagan system includes a radiation 

5 source having adjacent portions emitting ozone generating and germicidal radiation, and 

6 a substantially linear path disposed within an irradiation chamber for an air stream to 

7 traverse the radiation source. Thus, the effects of ozone within an air stream in the Hirai 

8 and Monagan systems are degraded since dine is generally a minimal amount of time 

9 and/or space for die ozone to interact with the air prior to exposure to genniddal 

10 radiation. 

11 Although the LeVay et al system may sanitize substances via ozone and 

12 ultraviolet radiation, the ozone is typically generated by a single wavelength of radiation 

13 (e.g., approximately 254 nanom^ers) that tends to destroy ozone as described above, 

14 thereby minimizing the effects of ozone on the substance. Further, the LeVay et al 

15 system sanitizes a Uquid substance by introducing ozone into the liquid subsequent to 

16 e)q)osurc of that liquid to germicidal radiation, thereby enabling the liquid to contain 

1 7 ozone concentration levels sufficient to cause possible harm to people and/or animals that 

18 contact the treated Hquid. The LeVay et al patent further disclose sj^ems for applying 

19 ultraviolet radiation or ozone to surfaces of substances external of those systems. The 

20 radiation may be applied to the external substance via a light pipe or optic feed, while 

21 ozone may be applied via a nozzle disposed at an end of flexible hosing attached to an 

22 ozone genaator. However, these devices may not fully expose the substance surfaces to 

23 the ultraviolet radiation or ozone, thereby incompletely sanitizing the substance. 

24 Moreover, the ultraviol^ radiation or ozone is applied to the substance surfaces typically 

25 without preventive or containment measures, thereby enabling radiation and ozone to be 

26 released to the surrounding envuunment and cause possible harm to people and/or 

27 animals in the vicinity ofthe substance as described above. 

28 OBJECTS AND SUMMARY OF THE INVENTION 
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1 Accordingly, it is an object of the present invention to expose air streams within 

2 appliances to ozone and germicidal radiation to remove contaminants from those air 

3 streams and return puritied air to a surrounding environment 

4 It is another object of the present invention to maintain ozone concentration levels 



5 at low or "safe" levels in a contaminant ronoval system by utilizing a single radiation 

6 source within the system to emit ozone generating and germicidal radiation of different 

7 wavelmgths from different sections of the source to generate ozone within and to 

8 perform germicidal ftmctions on an air stream residing in the system. The entire single 

9 radiation source can become disabled only as a unit, therd>y preventing generation of 
1 0 ozone when the germicidal radiation or ozone-removing section is inoperable. 



1 1 Yet another object of the present invention is to utilize ozone, either alone or in 

12 combination with germicidal radiation, to remove contaminants from objects (e.g., food 

13 items, hands, etc.). 

14 The aforesaid objects are achieved individually and in combination, and it is not 

15 intended that the present invention be construed as requiring two or more of the objects 

16 to be combined unless expressly required by the claims attached hereto. 

17 According to the present invention, a method and aj^paratus for purifying 



18 appliance exhaust is accomplished by an air purification system in which air is drawn in 

19 as 8 stream into the system housing and flows through an ozone generating chamber. An 

20 ozone generating ultraviolet (UV) radiation source disposed within the ozone chamber 

21 anits ultraviolet radiation having a wavelength of approximately 185 nanometers to 

22 irradiate the air and generate ozone whidi oxidizes contaminants (e.g., bacteria, virus, 

23 odor-causmg element, etc.) redding in the air stream. The osnne chamber is typically 

24 configured to include winding or other types of air flow paths, or to induce a vortical air 

25 flow, to reduce air fhiougb-fiow velocity and maiittain the air stream wi^ the ozone 

26 dhamber for a residence time sufficient for the ozone to interact with the air. Subsequent 

27 to traversing the ozone chamber, the air stream enters a gomicidal chambo' disposed 

28 adjacent the ozone chamber. The germicidal chamber may also be configured to have 

29 winding or other types of air flow paths, and includes a germictdal UV radiation source. 

6 
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1 The germicidal UV radiation source irradiates tiie air stream and destroys bacteria and 

2 breaks down 02»ne residing therein. The germicidal UV radiation source generates 

3 radiation having a wavelength of approximately 254 nanometers to destroy bacteria, 

4 viruses, mold spores and ozone ronaining after the interaction of air and ozone in the 

5 ozone chamber. The radiation source typically includes a single combination UV 

6 radiation emitting bulb with different sections of the bulb emitting radiation of different 

7 respective wavelaigths (e.g., 185 and 254 nanometers). The different sections of the 

8 bulb are disposed in the corresponding ozone and germicidal chambers. Alternatively, 

9 the radiation source may be implemented by separate independent bulbs emitting 

10 radiation having wavelengths of approximately 185 or 254 nanometers dep«iding upon 

1 1 the chamber in which the bulb is disposed. 

12 The resulting sterilized air from the germiddal chamber may pass through a 

13 catalytic convetter disposed adjacent the germicidal chamber to remove any remaining 

14 ozone by either converting the ozone back to oxygen, or filtering the ozone from the air 

15 stream. An internal fan disposed adjacent the ozone chamber draws air into the system 

16 and through the chambers. The system is typically disposed in an air flow path within an 

17 qipliance, such as a vacuum cleaner, to treat the air and return purified air to a 

18 surrounding environment 

19 Further, tiie system may be configured to remove contaminants from objects, such 

20 as food. Specifically, the system for rranoving contaminants from objects is similar to 

21 the air purification ^stem described above, and includes a combination radiation source 

22 to provide ozone genoating and gomicidal radiation wi^n the respective ozone and 

23 gennicidal diambers. The ozone chamber includes a porous receptacle for stqiporting an 

24 object within the ozone chamber and enabling produced ozone within that duimber to 

25 interact with and Tonove contaminants from the object. The ozonated air stream from the 

26 ozone chamber flows through the porous receptacle and into the gemiicidal dbamber, 

27 whoein the air stream is exposed to germiddal radiation to remove residual 

28 contaminants and ozone therefionL The resulting sterilized air is returned to the 

29 surrounding environmenL 

7 
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1 In addition, the system may be configured to remove contaminants from a user's 

2 hands. In particular, the system for removing contaminants from a user's hands is shnilar 

3 to the air purification system described above, except that the system includes a single 

4 treatment chamber having indepemlait ozone generating and gtamicidal radiation 

5 sources. The hands are inserted into the treatment chamber, wherd>y each radiation 

6 source is enabled for a predetermined time interval. Hie ozone generating radiation 

7 source initially generates ozone within the treatment chamber to remove contaminants 
g fiom the user's hands, while the genniddai radiation source is subsequently enabled to 

9 expose ^se hands to germiddal radiation to ranove residual contaminants and ozone 

10 therefirom. 

1 1 The above and still further objects, features and advantages of the present 

12 invention will become apparent upon consideration of the following detailed description 

1 3 of spedfic embodimoits thereof; particularly when taken in conjunction with the 

14 accompanying drawings wherein like reference numerals in the various figures are 

1 5 utilized to designate like components. 

16 BRIEF DESCRIPTION OF THE DRAWINGS 

17 Fig. 1 is a view in elevation and partial section of a portion of an exemplary 

18 system of the type employed by the present invention to produce purified or ozone 

19 enriched air. 

20 Fig. 2 is a view in elevation and partial section of a system utilizing ozone 

21 enridusd air to remove contaminants from various objects according to tl^ present 

22 inventioa 

23 Fig. 3 is an exploded view in perspective and partial section of a system utilizing 

24 ozone and gonnoiddd radiation to remove contandnants from a user's hands acconliog 

25 dM) present invention. 

26 Fig. 4 is a side view in devation and partial section ofthe system of Fig. 3. 
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1 Fig. 5 is a side view in elevation and partial section of an upright vacuum clcano- 

2 having a system to purify an air stream within tiic vacuum cleaner prior to that air stream 

3 returning to a surrounding environment according to the present invention. 

4 Fig. 6 is a side view in elevation of an alternative type of vacuum cleaner having a 

5 system to purify an air stream within die vacuum cleaner prior to that air stream returning 

6 to a surrounding mviionment according to the present invoition. 

7 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

8 An exemplaiy system of the type disclosed in die aforementioned patent 

9 applications for removing contaminants fiom a contaminated air stream to produce 

1 0 purified and/or 029one enriched air is illustrated in Fig. 1 . Specifically, the system 

1 1 includes a housing 5, ozone and germicidal chambers 8, 1 6, an ultraviolet (UV) radiation 

1 2 source 36, t^ically implemented by a combination ultraviolet radiation emitting bulb 

13 and disposed toward the approximate center of the ozone and germicidal chambeis, a 

1 4 ballast (not shown), preferably conventional, for supplying current to radiation source 36, 

15 and an intonal fen (not shown) for drawing air through the system. The radiation source 

1 6 may be implemented by a single bulb having an ozone section 1 2 and germicidal section 

17 14 emitting radiation at different wavelengths (e.g., 1 8S and 254 nanometers) from the 

18 ozone and gennicidal sections as disclosed in the above^eferenced patmt applications. 

19 Alternatively, the radiation source may be implemented by indepoident bulbs disposed in 

20 tiie respective ozone and gennicidal chambeis, wherdiy the bulb disposed in the ozone 

21 cliamber emits 02»ne genoatiiig radiation (e.g., having a wuvdengtfa of q>pn>ximately 

22 1 85 nanometers), while the bulb disposed in the gomicidal chamba emits giamicidal 

23 radiation (e.g., having a wavdengthofiq^noximatdy 254 nanometers). 

24 Air fixnn a snnounding environmoit is drawn into the system through an air 

25 intake (not shown) via the internal &n (not shown) and is dvected by the internal fan and 

26 the housing internal structure to flow into ozone chamber 8, typically disposed above and 

27 adjacent the intoroal &n and air intake. Ozone chamber 8 includes ozone section 12 of 

28 radiation source 36 and a tortuous or serpentine path 10 that serves to deraease air 
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1 through-flow velocity (i.e., the path increases residence time of an air stream within the 

2 ozone chamber, ther^y decreasing velocity of the air stream through the chamber) and 

3 enhance ozone distribution within the air stream in substantially the same manner 

4 described in the above-referenced patent applications. Path 10 receives an air stream 

5 altering ozone chamber 8 from the approximate bottom caiter of the ozone chamber 

6 proximate ozone section 12, and transversely directs the air stream away from ozone 

7 section 12 towaid the system housing through successive passageways that alternate the 

8 direction of air stream flow within the ozone chamber. It is to be undCTStood that the 

9 terms "top", '"bottom", "uppo"", "lower", "front", "rear", "back", "side", "horizontal", 

10 "verticar and "l«igth" are used herein merely to facilitate diacriptions of points of 

11 reference and do not Ihnit the present invention to any specific configuration or 

12 orientation. Ozone section 12 emits ozone generating radiation to prwluce ozone within 

13 the air stream, while path 10 reduces air through-flow velocity and enables the produced 

14 ozone to mix and interact with the air stream to oxidize contaminants. Once the air 

15 stream traverses path 10, the air stream exits the ozone diamber and enters germicidal 

16 chambCT 16. Germicidal chamber 16 includes germicidal sectiwi 14 of radiation source 

17 36 tiiat emits germicidal UV radiation to destroy contaminants and ozone within the air 

1 8 stream. The stwilized air firom the germicidal chamber is exhausted fiom the system to 

19 the surrounding cnvironmait The system ozone and germicidal chambers may eadi 

20 include various configurations as disclosed in the aforementioned patent aRjlications. 

21 For example, the ozone chamber may include any of the configurations disclosed in the 

22 above-mentioned patent applications to reduce air through-flow velocity and aihance 

23 distribution of ozone within the air streanou 

24 Ozone enridied air may be produced and utilized by a system to remove 

25 contaminants firom various objects, such as food (e.g., meat, chicken, produce, etc.), 

26 kitdien utensils (e.g., catting boards, knives, forks, etc.) or other instruments, These 

27 items may contain various microbes, such as E-coli or salmonella, that may cause illness. 

28 An exeiiq)laiy system for removing contaminants fipom food or othor objects is illustrated 

29 in Fig. 2. Spedfically, system 2 inchides a housing 3, ozone and gerniidddduimbeis 8, 
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1 16 as described above, radiation source 36, preferably having ozone section 12 and 

2 gennicidal section 14 as described above, a chamber divider 11 and a receptacle 15. 

3 Housing 3 typically includes top and bottom walls 60, 62, ftont and rear walls (not 

4 shown), and side walls 64, 66 that are each substantially rectangular and collectively 

5 define the system interior. Divida" 1 1 is substantially similar to the housing top and 

6 bottom walls, and is disposed toward the approximate centers of tlK housing firont, rear 

7 and side walls. The divider extends across the system intoior to sqjarate and isolate the 

8 ozone and germicidal chambers. Radiation source 36 is disposed toward syst«n side 

9 wall 64 and through divider 1 1 to position ozsone section 12 and gomicidal aection 14 in 

10 the ozone and germicidal chambers, respectively. Divide* 11 includes an opoiing 18 

1 1 defined toward the approximate center of the divider to enable an air stream to flow from 

12 ozone chamber 8 into germicidal chamber 16. However, opening 18 may be defined at 

13 any location along the divider. Receptacle 15 is typically constructed of mesh noting or 

14 any other type of porous material to retain food or otiier objects within the receptacle, 

1 5 whereby the porous material is attached to divider 1 1 toward the periphery of opening 1 8 

16 to suspend the receptacle within the ozone duunber. The receptacle is disposed 

17 proximate opening 18 such that an air stream fiom ozone chamber 8 is directed to flow 

1 8 through the rec^tacle in order to enter germicidal chamber 16. 

19 An air stream fixmi a surrounding environment enters system 2 via slots 17, 

20 typically defined within the bottom portion of system side wall 64 adjacent radiation 

21 source 36. Slots 1 7 may be of any quantity (e.g., at least one), shape or size and may be 

22 defined and arranged in side wall 64 in any fashion. The air stiieam may be drawn into 

23 and through the system via an mtemal fan (not shown) as desoibed above, while ozone 

24 section 12 emits ozone generating ruliation witiiin ozone cfaamba* 8 to generate ozone 

25 within the air stream. Since the air stream is directed to traverse tecqitade IS and 

26 opening 18, the air stream velodty thtougih the ozone chamber is reduced, thereby 

27 enabling the generated ozone to mix and interact with the air stream to remove 

28 oontamniants from Ae air stream. When the ozone enridied air flows through receptacle 

29 15 in Older to traverse opening 18, tiie object contained within the receptacle becomes 

11 
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1 soaked with the ozone enriched air, tfaer^y enabling the ozone to remove contaminants 

2 from the object After traversing recq>taclc 15 and opening 18, the air stream enters 

3 germicidal chamber 16 wherein germicidal section 14 of radiation source 36 exposes the 

4 air stream to germicidal radiation to remove contaminants and ozone from the air sb'eam. 

5 The purified air stream is subsequently r^umed to the surrounding oivironmait via slots 

6 19, typically defined within top wall 60 or upper portions of side walls 64, 66. Slots 19 

7 may be of any quantity (e.g., at least one), shape or size, and may be defined and 

8 arranged in any fashion in the top or side walls, or any combination of those walls. 

9 A further application for purified and/or ozone enriched air is to remove 

10 contaminants from hands, e^)ecially hands of employees of restawwits or other food 

1 1 service establishments. A system for r^oving contaminants from hands utilizing ozone 

12 and germicidal radiation is illustrated in Figs. 3-4. Specifically, system 20 has a 

13 configuration similar to the systems described above and includes a treatment chamber 

14 23 having an ozone generating radiation source 22 and a germicidal radiation source 62. 

15 The system includes top and bottom walls 70, 72, firont and rear walls 74, 76 and side 

1 6 walls 7S, 80 that fbnn a box-like housing 3. The walls are each substantially rectangular 

17 and collectively define a system interior. Openings 24 are defined in housing front wall 

1 8 74 for placemoit and removal of hands 26 within the system. A person typically inserts 

19 his/her hands duough openings 24 into the system treatment dhamber for a short time 

20 interval to enable ozone and germicidal radiation to remove any contaminants frmn the 

21 hands in sxibstantiaUy the same manner described above. Openings 24 generally include 

22 flaps 25 that form a seal with hands 26 to enable entry and removal of hands 26 within 

23 treatment chamber 23, while preventing ozone Cmm escaping the system. 

24 Radiation sources 22, 62 are generally disposed in the \xppet portion of the system 

25 substantially in parallel to each other, and extend between system side walls 78, 80. A 

26 &n 27 is disposed near an air intake (not shown) and ozone radiation source 22 to direct 

27 incoming air toward tiiat source to generate ozone. A soaking chamber 21 is disposed 

28 adjacent ozone nuliation source 22 to enable generated ozone to mix and interact with the 

29 air. In particular, a divider 82 extends fimn an intermediate portion of sjwtem top wall 70 
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1 into the system interior to isolate the ozone gen^aling radiation source and soaking 

2 chamber from the gomicidal radiation source. Dividers 84, 86 extend between housing 

3 rear wall 76 and divider 82 to define and isolate the confines of the soaking chamber. 

4 Divider 84 is disposed adjacent radiation source 22, while divider 86 extends fi-om the 

5 terminal portion of divider 82 toward the intamediate portion of rear wall 76. The 

6 soaking diamber typically includes a winding or other type of path 10 to oihance 

7 distribution of ozone within the air stream as described above. The path is formed by a 

8 series of interleaved dividers 88, 90 directing the air stream in a sopentine fashion. 

9 Specifically, dividers 88 each extend fiom divider 82 toward rear wall 76. The length of 

10 each divider 88 is less than the distance between rear wall 76 and divider 82 to form 

1 1 respective gaps between dividers 88 and the rear wall. Similarly, divider 90 extends fixrni 

12 rear wall 76 toward divider 82. The length of divider 90 is less than the distance betweon 

1 3 rear wail 76 and divider 82 to form a gap between divider 90 and divider 82. Divider 90 

14 is disposed between dividers 88 to form successive passageways collectivdy defining 

15 seipentine path 10, whereby the gaps enable air to traverse succeeding passageways. An 

1 6 opening 92 is defined in divider 84 toward divider 82, v/hi\c an opening 96 is defined in 

1 7 divider 86 toward rear wall 76. Openings 92, 96 enable the air stream to traverse path 1 0 

18 and treat hands 26 residing widiin the treatment diamber. The ozone flows widi die air 

19 stream toward hands 26 inserted within the system treatment chamber near the treatment 

20 diamber floor to oxidize and remove contaminants fivim die hands in substantially the 

21 same manner described above. Subsequently, hands 26 are exposed to germiddal 

22 radiation fxaa gennicidal radiation source 62 for a short time interval to remove baderia 

23 and ozone from Ifae hands in substantially the same manner desraibed above. 

24 The system m^ indude a microprocessor or otho- control drcuitry to initiate 

25 power to fim 27 and ozone radiation source 22 for a predetennined time interval to enable 

26 generation of ozone and oxidation of contaminants as desoibed above. Upon expiration 

27 of die predetermined interval, power is disabled to ftn 27 and 029one radiation source 22 

28 to prevent ozone generation. The ozone concentration may thus be controlled based on 

29 die lengdi of diis interval. Gomiddal radiation source 62 is initiated subsequent to 

13 
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1 expiration of the ozone generation interval to expose hands 26 to germicidal radiation to 

2 remove bacteria and ozone fixnn the hands as described above. The germiddal radiation 

3 source is similarly activated for a iHedetermined time interval, and thai disabled to 

4 permit removal of hands 26 iiom the system. An alarm or otiier indicator may be 

5 di^sed on the system to indicate completion of the treatment. The ozone goienition 

6 and germicidal intervals and other parameters may be programmed into the system via a 

7 control panel (not shown). 

8 The systems described above may be adapted to be of any size or shiq)e and 

9 include D.C. ballasts 6a powering the radiation sources in order to be transportable 

10 and/or utilized in various vdudes (e.g., cars, boats, trucks, buses, trains etc.) or odier 

1 1 areas. The D.C. ballasts may receive power fiom cmvontiona] batteries or cigarette 

12 lighters to enable the systons to be utilized at various remote locations. For example, the 

13 food sterilization system may be transportable ibr removing contaminants fixrni food at 

1 4 picnics, barbecues or any other indoor or outdoor gatherings, while the hand system may 

1 5 snnilarly be transportable to fadlitate cleaning of hands at virtually any location. 

16 The generation of ozone enriched and/or purified air may be utilized for various 

17 other applications. For exan^le, the syst«ns described above and disclosed in tine 

18 aforementioned patent applications xasxy be enoployed within various qipliances, such as 

19 vacuum cleaners, to purify ah- streams wifliin these appliances prior to the air streams 

20 returning to a surrounding environment as illustrated in Fig. S. Specifically, a 

21 conventioiud tqxrig^ vacuum cleaner 30 generally indudes a base or head 38, typically 

22 housing a motor (not shown) and a substantially cylindrical bru^ assembly 39, a handle 

23 32 and a bag 34 attached to handle 32 for collecting particles removed fcom a carpet or 

24 flow by the vacuum cleaner. Bag 34 is typically a hard bag, commcmly utilized with 

25 vacuum cleaners, that inchides top, bottom, front, rear and side walls to collectively 

26 define a bag interior, and a collection diamber (not shown) to collect paitides within the 

27 bag. The vacuum cleano* motor draws air into head 38 via an inlrt 37 disposed toward 

28 the fiiont bottcmi portion of die head. Brush assembly 39 is disposed widun inlet 37 and 

29 indudes brushes disposed on its exterior surface. The brush assembly rotates about its 
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1 longitudinal axis, wherd>y the brushes dir&A particles from a carpet or floor towaid an 

2 air stream flowing into inlet 37. The air stream carries flie particles and flows from inlet 

3 37 through head 38 into bag 34 (eg., as indicated by the arrows in Fig, 5), whereby the 

4 particles carried by the air stream are deposited within the bag collection chamber (not 

5 shown). The collection chamber typically includes an air porous bag or plastic container 

6 (not shown) that acts similar to a filter to permit an air stream to flow tinvug}! the 

7 collection (diamber, while retaining particles carried by the air stream within the 

8 collection chamber. Snbseqaoit to flowing through the collection chamber, the air 

9 stream traverses slots 35, ^ically defined in a side wall of bag 34 toward the bag rear 

10 wall, to return to a surrounding environment 

11 An air purification system SO may be disposed within bag 34 between the 

12 collection chamber and slots 35 to purify an air stream prior to the air stream returning to 

13 a surrounding environment. System 50 is typically substantially similar to the system 

14 described above for Fig. 1, but may be implemented by any of the systems described 

1 5 above or disclosed in the aforementioned patent tqiplications that are capable of purifying 

16 air. System SO receives the air stream via an intake 31 and exposes tihe air stream to 

17 ozone and germicidal radiation to remove contaminants fiom the air stream in 

18 substantially die same manner described above. Purified air exits system SO via an 

19 exhaust vent 33, whereby the purified air travoses slots 35 of bag 34 to return to the 

20 surrounding environment. Thus, upri^ vacuum cleaner 3D draws an air stream fiom the 

21 surrounding environment into the vacuum deanor to collect particles, \iMe returning 

22 purified air back to the surrounding oivironment 

23 Alternatively, 50 may be employed by vacuum cleaners of the fype having 

24 a separate cleaning unit attached to a base and handle as illustrated in Fig. 6. 

25 Specifically, a conventional vacuum cleaner 40 generally includes a cleaning unit 41, 

26 typically housing a motor (not shown), and collection unit 47, typically including a base 

27 42 and a handle 44. The vacuum cleaner motor draws an air stream into base 42 via an 

28 inlet 46 disposed toward the fiont bottom portion of the base. Base 42 typically includes 

29 a substantially cylindrical brush assembly 48 having brushes disposed on its exterior 
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1 surface. The brash assembly is disposed within inlet 46 and rotates about its iongit^^ 

2 axis, wherdiy the brushes direct particles firom a carp^ or floor toward an air stream 

3 flowing into inlet 46. Handle 44 is attached to base 42 to enable manipulation of the base 

4 over the carpet or floor, and is further connected to cleaning unit 41 via a hose 45. The 

5 air stream carries the particles and flows from inlet 46 into base 42 and through handle 44 

6 and hose 45 into a collection chamber (not shown) disposed within cleaning unit 41 (e.g., 

7 as indicated by the arrows in Fig. 6), whereby the particles carried by die air stream are 

8 deported within the collection chamber. The collection duunbo' typically includes an 

9 air porous bag or plastic containo- (not shown) that acts similar to a filter to pemiit an air 

1 0 stream to flow through the collection chamber, while retaining particles carried by &e air 

11 stream within the collection chamber. Subsequent to flowing through flw collection 

12 diamber, the air stream traverses slots 43, defined toward a rear portion of the cleaning 

1 3 unit housing, to return to a surrounding eavironmoit 

14 An air purification system 50, substantially similar to the system described above 

15 fin- Fig. 5, may be disposed within cleaning unit 41 between the collection chamber and 

16 slots 43 of cleaning imit 41 to purify an air stream prior to the air stream returning to a 

17 surrounding environment System 50 receives the air stream via an intake 31 and 

18 esqtoses the air stream to ozone and germicidal radiation to remove contaminants fiom 

19 the air stream in substantially the same manner described above. Purified air exits 

20 system 50 via an exhaust vent 33, wherdyy the purified air traverses slots 43 to return to 

21 the surrounding environment as described above. System SO may be disposed in any 

22 type of vacuum cleaner, including vacuum cleaners having soft bags, at any location 

23 along an air flow path to purify an air stream within the vacuum cleaner. Further, system 

24 50 nuy be disposed in any appliance at any location along an air flow path to enable the 

25 i^ltance to return purified air to a surrounding environment in substantially the same 

26 manner described above. 

27 It will be appreciated that the embodiments described above and illustrated in the 

28 drawings represent only a few of the many ways of implementing a method and 

29 apparatus for purifying appliance exhaust and removu^ contaminants from objects. 

16 
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1 The ballasts for the radiation sources of the systems described above may be 

2 impiemoited by any conventional DC (e.g., for portable systems) or AC ballast or othw 

3 circuitry to supply current to the radiation sources. The systems desoibed above may be 

4 of any shape or size, may be constructed of any suitable materials, and may include any 

5 quantity of radiation sources (e.g., at least one) of any shapes or size disposed in any 

6 manner within the systems. The internal fan of the systems desoibed above may be 

7 implemented by any quantity of any conventional or other types of fans or devices for 

8 drawing air duough a system, such as a &n, blower or device to create a differential 

9 pressure in a system to cause air flow through that system. The fan or other devices may 

10 be disposed internal or external of a system in any manner cfq)able of directing air 

1 1 through tiiat system. Further, the fan or devices may include variable flow rates to c«jse 

12 air to flow through a system at various rates. For example, largw areas may require 

13 greater flow rates to enable air within tbese larger areas to be rapidly and efficiently 

14 treated by a system. The components of the systems described above may be arranged in 

1 5 any fashion. 

16 The system for removing contaminants from objects may be of any sh^ or size, 

1 7 and may accommodate various objects. The ozone chamber may include a portion of d»e 

18 germicidal section of flie radiation source to expose the object to geimicidal radiation to 

19 enhance removal of contaminants. The slots for receiving and exhausting air &om the 

20 system may be of any quantity (e.g., at least one) shape or size, and may be defined at 

21 any suitable locations in any of the system housing walls. The combination radiation 

22 source may include any proportion of ozone section to germicidal radiation section, may 

23 be configured to emit radiation of any desired wavelengths, and may alternatively be 

24 implemented by independent radiation sources disposed within the ozone and germicidal 

25 chambers and onitting radiation of any desired wavelengths. Further, the combination 

26 radiation source typically only operates when each section is operable to preveait ozone 

27 generation without germicidal radiation to destroy the ozone. The chamber divider and 

28 02x>ne and gerniiddal chambers niay be arranged in any iashion within the system. The 

29 recqytacle may be formed of any porous material and may be disposed at any location 
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1 within the oixine chamber. Moreover, the recq>tacle may enable the object to be partially 

2 disposed in the genniddal chamber for exposure to getinicidal radiation. The object may 

3 altmiatively be retained in the ozone and/or gomicidal chambers via any suitable 

4 recq>tacles, containers, securing mechanisms, or in any conventional or other manners 

5 (e.g., resting on the ozone chamber floor). The ozone diamber may further include a 

6 tortuous path as described above to enable the ozone to mix with the air. The ozone 

7 and/or geimiddal chambers may include any quantity of receptacles arranged in any 

8 feshion to expose various quantities ofobjects to ozone and/or gwmicidal radiation. The 

9 ozone and germicidal chambers may include any suitable configurations to treat the air 

10 stream, such as the configurations described above or disclosed in the above-mentioned 

1 1 patent applications. The system may include any quantity (e.g., at least one) of ozone and 

12 germicidal chambers each having a suitable configuration to treat the object and/or air. 

13 In aldition, the system may include a single chambo- exposing the object and air to 

14 ozone and germicidal radiation. 

15 The system for removing contaminants fixtm hands may be of any sfa^ or size, 

16 may be pr o gramm ed to treat the hands for any desired time intervals, and may mclude 

17 any quantity (e.g., at least one) of combination or independent radiation sources of any 

18 shape or size disposed and/or arranged within the system in any fe^on. The 

19 combination radiation sources may include any proportion of ozone section to germicidal 

20 radiation section, while the combination and independ«it radiation sources may be 

21 oonfigined to emit radiation of any desired wavelengths. The combination radiation 

22 somce enables simultaneous af^tication of ozone and germicidal radiation to the hands 

23 fi^ a predetennined time interval, and typically only operates when each section is 

24 operable to prevent ozone gaiaation without germicidal radiation to destroy the ozone. 

25 The system may finthcr treat objects inserted mto the treatment dumber in substantially 

26 the same manner described above. The system may indudc any quantity of openings 

27 (e.g., at least one) to accommodate any quantity of hands during a treatment cycle. The 

28 openings defined in the system housing may be of any shape or size, and may be defined 

29 at any suitable locations in any of the system housing walls. The openings may indude 
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1 any quantity (e.g., at least one) of flaps, or other devices to maintain omne and radiation 

2 within the system. The soaking, ozone and gemiicidal chambm may include any 

3 suitable configurations to treat the air stream, such as the configurations described above 

4 or disclosed in the above-mentioned patent applications. Further, the soaking chamber 

5 patii may include any path or other configuration capable of reducing air throu^-flow 

6 velocity and enabling the ozone to mix and interact with the air. A path of this type may 

7 be similarly disposed in the ozone and germicidal chambers. The syston may include 

8 any conventional or other control pad and processor or control circuitry to control system 

9 operation as described above. 

10 The air purification system may be of any size or shape, and may be disposed at 

1 1 any location within any appliance or other device exhausting an air stream (e.g., vacuum 

1 2 cleaner, blendw, mixCT, computer, etc.). The air purification system may be implemented 

13 by any of the ^rstems described above or disclosed in the above-maitioned patent 

14 ai^lications capable of purifying air. The air purification system may include a catalytic 

15 converter or other filter disposed adjacent the germicidal chamber to remove residual 

16 ozone ftom the air stream. The syston may include any quantity (e.g., at least one) of 

17 ozone and germiddal chambers, wherry each chamber may have any suitable 

18 configiuBtion, shape or size to treat au-. Furdier, the system may incltide a single 

19 diamber exposing the air stream to ozone and gemiicidal radiation. Moreover, the 

20 system may utilize any quantity {c.g., at least one) of independent radiation sources of 

2 1 any shape or size within each chamber, or any quantity (e.g., at least one) of combinati<xi 

22 radiation sources of any shape or size having a plurality of sections with each section 

23 disposed in and onitting radiation at an apim>imate wavelength for a corre^oding 

24 chamber. The combination radiation source may inchide any proportion of ozone section 

25 to germicidal radiation section, while the combination and independent radiation sources 

26 may be disposed within the system in any fa^on and be configured to onit radiation of 

27 any desired wavelengths. The combination radiation source typically only operates when 

28 eadi section is operable to prevent ozone generaticm without germicidal radiation to 

29 destroy ttie ozone. The air flow path within &e system ozcmw dumber may include any 
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1 path or ofhet configuration c^ble of reducing air tbrou£^-flow velocity and enabling 

2 die ozone to mix and intoract with the air. A path of this type may similarly be disposed 

3 within the germicidal diamber. The system intake and exhaust may be disposed on the 

4 system in any fashion to accommodate a device air flow, while the air flow may enable 

5 air to traverse the system without use or inclusion of a system ftn. 

6 It is to be understood that the present invention is not limited to the specific 

7 embodiments discussed herein, but may be implemented in any manna: that utilizes 

8 ozone generation via a configuration that reduces air through-flow velodly to enable the 

9 02»ne to intenu;t with the air (e.g., any path configuration or odier medhanism to reduce 

10 air through-flow velocity), and germicidal radiafion to remove contaminants. Further, the 

1 1 present invention is not limited to the specific apfdications disclosed herein, but rather, 

12 may be utilized for any ^plication employing or producing purified or ozone enriched 

13 air/ 

14 From the foregoing description it wilt be appreciated that the invention makes 

15 available a novel method and apparatus for purifying appliance exhaust and removing 

16 contaminants fiom objects wherein air is exposed to UV radiation at a first wavelength to 

1 7 generate ozone while traversing an ozone diamber configured to reduce air thn>ug}x-Qow 

1 8 velocity and to enhance ozone distribution in the air. The ozone oxidizes contaminants in 

19 an air stream and/or object, wherd>y fiie air stream and/or object is subsequently exposed 

20 to UV radiation at a second wavelength to remove bactoia and ozone therefiom. 

21 Having described prefened embodiments of a new and improved method and 

22 qiparatus for purifymg appliance exhaust and removing contaminants fixrni objects, it is 

23 believed that other modifications, variations and dumges will be suggested to those 

24 sidlled in the art in view offhe teachings set fbrfli herein. It is therefore to be understood 

25 that all sudi variations, modificatiomaixldianges are believed to fidl within file scope of 

26 the present invention as defined by die appended claims. 
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WHAT IS CLAIMED IS: 



1 1. A system for producing ozone enriched air to remove contaminants fiom objects 

2 comprising: 

3 an air intake to receive an air stream from a surrounding environment; 

4 air flow control means for directing the air stream to flew through said system; 

5 an ozone chamber having an ozone generating radiation source for irradiating die air 

6 stream to produce ozone to remove contaminants from within the air stream resulting in an 

7 ozonated air stream, and a receptacle for receiving and supporting an object within said ozone 

8 chamber, v.4terein said receptacle is configured to enable the ozonated air stream to infiltrate said 

9 receptacle and remove contaminants from said object; 

10 a germicidal diamber for receiving said ozonated air stream fix>m said receptacle within 

1 1 said ozone chamber and including a germicidal radiation source for irradiating the ozonated air 

12 stream to remove residual contaminants and at least a portion of ozone tberefivm to produce 

13 stttilized air, and 

1 4 an exhaust for returning the sterilized air to the surroimding environment 

I 2. The system of claim 1 wherein said receptacle indudes a pcntnis material. 

1 3. The system of claim 2 wherein said porous material includes mesh netting. 

1 4. The system of daim 1 wherein said ozone genmting radiation source and said 

2 germicidal radiation source correspond to ozone and germicidal sections of a radiation bulb 

3 emitting radiation having difiRsrent wavelengths at different sections of said bulb. 

1 S. A system for producing ozone enriched air to remove contaminants from objects 

2 comprising: 

3 an air intake to receive an air stream fivm a surrounding environmmt; 

4 air flow control means to direct the air stream to flow tfarougih the system; and 
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5 a treatment chamber including: 

6 access means for facilitating placement and removal of an object within said 

7 treatment duunb^ 

g an ozone generating radiation source for irradiating the air stream to produce 

9 ozone; 

1 0 a soaking chamber disposed proximate said ozone generating radiation source and 

1 1 including ozone distribution means for increasing residence time of said air stream in 

12 said soaking diamber to enable the produced ozone to thoTougiUy mix and interact with 

13 and ozonate the air stream, and guide means to direct said ozonated air stream toward 

1 4 said object to intotict with and ronove contaminants fix>m said object; and 

1 5 a germicidal radiation source for inadiating the object to remove residual 

1 6 contaminants and ozone therefrom. 

1 6. The system of claim 5 wherein said ozone generating radiation source and said 

2 genniddal radiation source are each nidq)aident radiation sources, and said sjrston fiirther 

3 includes: 

4 control means to enable said ozone generating radiation source for a first predetermined 

5 time interval and enable said germicidal radiation source for a second prcdetennmed time 

6 interval; 

7 v^mdn said control means enables said germicidal radiation source subsequent to 

8 expiration of said first predetermined time interval 

1 7. The ^stemofdaimS wherein said object is a human hand. 

1 8. In combination: 

2 an electrical device performing a fonction oiher than purifying air and including air flow 

3 means for &dlitating an air flow from a surrounding envinmrnait flux>ug^ said electrical device; 

4 and 
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5 an air sterilizer for purifying air flowing within said electrical device, said air sterilizer 

6 including: 

7 an air intake to receive an air stream fiom within said electrical device; 

8 an ozone chamber including an ozone genoating radiation source for irradiating 

9 the air stream to produce ozone to remove contaminants fiom within the air stream, and 

10 ozone distribution means for reducing air stream dinnig^-flow vdodty to increase 

1 1 residence time of said air stream in said ozone chamber to enable the produced ozone to 

1 2 thoroughly mix and interact wifli and ozonate ttie air stream and tber^ enhance ranoval 

13 of contaminants fiom within the air stream; 

14 a germicidal chamber for receiving said air stream fiom said oztme chamber and 

15 including a germicidal radiation source for irradiating the air stream to remove residual 

16 contaminants and ozone thoefiom; and 

1 7 an exhaust to direct the air stream fiom said gemiicidal chamber to the dectrical 

1 8 device interior for return to the sunounding oivironment 

1 9. The combination of claim 8 wherein said electrical device includes a vacuum cleaner. 

1 10. The combination of claim 8 wherein said electrical device inchides a computer. 

1 1 1. In an air sterilization system having an air intake, ozone and germicidal chambers, 

2 and an exhaust, a method of producing ozone enridied air to remove contaminants fiom objects 

3 comprising the steps of: 

4 (a) receiving an air stream fiom a surrounding environment via fiie air intake; 

5 (b) directing the air stream to flow through the system; 

6 (c) placing an object within a Tecq>tacle disposed in die ozone dumber; 

7 (d) irradiating the air stream within the ozone chamber via an ozone generating radiation 

8 source to produce ozone to remove contaminants fiom within the air stream resulting in an 

9 ozonated air stream; 
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10 (e) coniigurmg the receptacle to liable the ozonated air stream to infiltrate the 

11 receptacle aiul remove contaniinants from the object; 

12 (Q irradiating the air stream received from the receptacle in the ozone diamber wiftin 

1 3 the germicidal chamber via a germicidal radiation source to remove residual contaminants and at 

14 least a portion ofozone therefrom to produce sterilized air, and 

15 (g) returning the sterilized air to a surrounding environment via the ochausL 

1 12. The mefluKl of claim 1 1 wherein step (e) further indudes: 

2 (e. 1 ) configuring the receptacle to include a porous material to enable the ozonated air 

3 stream to infiltrate (he recqitade and ronove contaminants from the object. 

1 13. Themethod of claim 12 whoein step (e.1) further includes: 

2 (e.1.1) configuring the recqptade to indude mesh netting to enable the ozonated air 

3 stream to infiltrate die recq>tacle and remove contaminants from the object. 

1 14. In an air sterilization syston having an air intake and a treatment chamber, a method 

2 of producing ozone enridied air to remove contaminants from objects comprising the stqs of^ 

3 (a) receiving an air stream from a surrounding environment via Ifae air intake; 

4 (b) directing the air stream to flow through the system; 

5 (c) disposing an object within the treatment chamber, 

6 (d) irradiating the air stream within die treatment diamber via an ozone generating 

7 radiation source to produce ozone; 

8 (e) increasing residoice time of the air stream widiin a soaking chamber disposed 

9 jxoximate the ozone goierating radiation source to enable die produced ozone to dioroughly mix 

10 and interact widi and ozonate die air stream; 

11 (f) directing die ozonated air stream toward die object to interact with and remove 

12 contaminants from die object; and 

13 (g) irradiating die object widiin die treatment chamber via a germiddal radiation source 

14 to remove residual ccmtaminants and ozone dierefrom. 
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1 15. The method of claim 14 vi^erein the 02x>ne getwratiiig radiation source and 

2 fhe germicidal radiation source are each independoit radiaticm sources, wherdn step (d) 

3 furtfaer includes: 

4 (d.l) enabling the ozone goierating radiation source for a first predetennined 

5 time interval; and 

6 step (g) further includes: 

7 (g.l) «iabling the germicidal radiation source for a second predetemiined time 

8 interval subsequent to expiration of die first predetennined time interval. 

1 16. The method of 14 wherein the object includes a human hand, and stqp (c) 

2 further includes: 

3 (c I ) inserting a user's hand within die treatment chamber. 

1 17. A method ofpurifying air wifliin an electrical device, wherein the electrical 



2 device performs a function other dian purifying air and indudes air flow means to 

3 facilitate an air flow through the device, said mdhod ctmiprising the step of disposing an 

4 air sterilizer within the electrical device in the air flow padi for exposing an air stream 

5 witiiin the electrical device to ozone and germicidal radiation to remove contaminants 

6 residing in the ah: stream and directing storilized air to the electrical device interior for 

7 return to the surrounding environment 

1 18. The me&od of clahn 17 wherein said dectrical device indudes a vacuum 

2 cleaner, 

1 19. The method of daim 17 wherdn said dedrical device indudes a computer. 
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